
  

• Effects of NOx depend on background state, and 
therefore on location (Asia≠Europe, 
surface≠aircraft)

• Effects of NOx depend on time (sign change 
possible as diff. between 2 larger numbers)

• NOx deposited on ecosystems: increased N 
fertilization, N2O & NH3 up, CO2 down, or 
increased acidification? (marine) 

• impact on Methane+Ozone probably negative, 
overall nitrogen impact unclear

Nitrogen



  

Berntsen et al., Tellus, 2005

CH4 and O3 response to NOx

150 800



  

• CO and CH4 lead to additive O3 and methane responses

• Regional differences small: CO ~20-30%, CH4 smaller

• CO and CH4 share of GHG forcing using SGWP 
(Rypdal et al, 2005)
–                                 USA      India       China

– 20-yr horizon, CO:   9%        13%,        11%

–                         CH4: 28%      57%         41%

– 100-yr horizon CO:   9%       12%           8%

–                          CH4:13%      36%          22% 

• Methane biggest target (0.8-0.9 W/m2)

Methane and CO
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Actions
• Energy efficiency actions on fossil fuel and transport 

clearly beneficial (health, $, climate)

• NOx and SOx pollution will be reduced for air quality 
concerns

• makes reduction of methane emissions even more 
paramount (black carbon/SOx)

• ~0.1 W/m2 from resulting ozone decrease

• reduction in residential biofuel burning

• Methane reductions: ~25% anthropogenic cost-
effective, leads to about -0.1 W/m2 (+O3)

• Reevaluate every decade!



  

Take a bite out of 
global warming, eat a 

turkey burger!



  

Optimism?

• ~0.1-0.2 W/m2 
reduction in 
forcing over next 
few decades
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Figure 5: The global climate of the 21st century will depend on natural changes and the response of the climate system to human activities. 

Climate models project the response of many climate variables – such as increases in global surface temperature and sea level – to various

scenarios of greenhouse gas and other human-related emissions. (a) shows the CO2 emissions of the six illustrative SRES scenarios, which are

summarised in the box on page 18, along with IS92a for comparison purposes with the SAR. (b) shows projected CO2 concentrations. (c) shows 

anthropogenic SO2 emissions. Emissions of other gases and other aerosols were included in the model but are not shown in the figure. (d) and (e)

show the projected temperature and sea level responses, respectively. The "several models all SRES envelope" in (d) and (e) shows the

temperature and sea level rise, respectively, for the simple model when tuned to a number of complex models with a range of climate sensitivities.

All SRES envelopes refer to the full range of 35 SRES scenarios. The "model average all SRES envelope" shows the average from these models

for the range of scenarios. Note that the warming and sea level rise from these emissions would continue well beyond 2100. Also note that this

range does not allow for uncertainty relating to ice dynamical changes in the West Antarctic ice sheet, nor does it account for uncertainties in

projecting non-sulphate aerosols and greenhouse gas concentrations. [Based upon (a) Chapter 3, Figure 3.12, (b) Chapter 3, Figure 3.12, (c)

Chapter 5, Figure 5.13, (d) Chapter 9, Figure 9.14, (e) Chapter 11, Figure 11.12, Appendix II]
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Feasible methane reductions?

• Current emissions ~550 Tg/yr

• Fossil fuel & waste/landfills (Methane to Markets): 
30-40 Tg/yr landfills, ~60-70 Tg/yr mining, venting, 
pipelines, ~15-20 Tg/yr coal burning

• Rice cultivation: ~25-40 Tg/yr

• Ruminants: ~70-90 Tg/yr

• Biomass burning (e.g. Streets proj.): ~20-40 Tg/yr

• Climate: wetland emissions may grow, oxidation 
capacity may increase

• ~75-80 Tg/yr to get 0.10 W/m2 reduction



  

Non-CO2 Greenhouse Gases

• Short-lived, so impact of reductions can be 
strongly dependent upon location and time 
horizon



  

CH4 and O3 response to CO

Berntsen et al., Tellus, 2005
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